A bnormal blood concentrations of lipids are one of the most important modifiable risk factors for cardiovascular disease. Although statins are effective in reducing low-density lipoprotein (LDL) cholesterol levels, major health organizations have maintained that the initial and essential approach to the prevention and management of cardiovascular disease is to modify dietary and lifestyle patterns.
A bnormal blood concentrations of lipids are one of the most important modifiable risk factors for cardiovascular disease. Although statins are effective in reducing low-density lipoprotein (LDL) cholesterol levels, major health organizations have maintained that the initial and essential approach to the prevention and management of cardiovascular disease is to modify dietary and lifestyle patterns. 1−4 Dietary non-oil-seed pulses (beans, chickpeas, lentils and peas) are foods that have received particular attention for their ability to reduce the risk of cardiovascular disease. Consumption of dietary pulses was associated with a reduction in cardiovascular disease in a large observational study 5 and with improvements in LDL cholesterol levels in small trials. 6−8 Although most guidelines on the prevention of major chronic diseases encourage the consumption of dietary pulses as part of a healthy strategy, 2,3,9−13 none has included recommendations based on the direct benefits of lowering lipid concentrations or reducing the risk of cardiovascular disease. In all cases, the evidence on which recommendations have been based was assigned a low grade, 2,3,9−13 and dyslipidemia guidelines do not address dietary pulse intake directly. 1, 4 To improve the evidence on which dietary guidelines are based, we conducted a systematic review and meta-analysis of randomized controlled trials (RCTs) of the effect of dietary pulse intake on established therapeutic lipid targets for cardiovascular risk reduction. The lipid targets were LDL cholesterol, apolipoprotein B and nonhigh-density lipoprotein (non-HDL) cholesterol.
Study selection
We included RCTs involving any population (healthy or unhealthy) that examined the effects of dietary pulses compared with an isocaloric diet without dietary pulses on LDL cholesterol, apolipoprotein B and non-HDL cholesterol levels. The follow-up period had to have been at least 3 weeks, a duration that satisfies the minimum follow-up requirement of the US Food and Drug Administration (FDA) used in the scientific evaluation of lipid-lowering health claims. 16 Studies that examined only whole dietary nonoil-seed pulses (beans, chickpeas, lentils and peas) were included. We excluded trials of peanuts and soybeans because of their high oil content, and studies of pulse extracts. We included trials in which dietary pulse intake was not the sole intervention but was the dominant intervention used to achieve the study goals. The selected outcomes included ones that have been identified as therapeutic lipid targets in major American and Canadian cardiovascular and diabetes guidelines. 1−4 One of the trials that we included was quasi-randomized. 17 We attempted to reduce bias and reanalyzed the findings from the study by randomly assigning participants to either the treatment or control group in a parallel study design stratified by baseline total cholesterol level and age.
Data extraction and quality assessment
Studies that met the inclusion criteria had their study characteristics and results extracted by 3 independent reviewers (V.H., R.J.d.S. and V.H.J). An overall 10-year Framingham risk score for coronary artery disease was calculated separately for men and women for each study. 1 Participants were assumed to be at a higher risk for a particular domain when information for that domain was missing.
We assessed the methodologic quality of each report using the Heyland Methodological Quality Score. 18 Studies given a score of 8 or higher out of 13 possible points were considered high quality. We also assessed the reports for risk of bias using the Cochrane risk-of-bias tool. 19 Studies were considered to have a high risk of bias across dimensions if the methodologic flaw was likely to have affected the true outcome, a low risk if the study's methodologic flaw was deemed inconsequential to the true outcome and an unclear risk if insufficient information was provided to assess risk of bias.
All disagreements were resolved by consensus.
Data synthesis and analysis
We used Review Manager 5.0.25 to analyze the data. We conducted pooled analyses using the generic inverse variance method with randomeffects weighting. Data were expressed as mean differences with 95% confidence intervals (CIs).
To mitigate the unit-of-analysis error from including a trial with multiple intervention arms, 20 we combined the intervention arms in the trial to create a single pairwise comparison. To impute standard deviations for between-treatment differences in crossover trials, we derived correlation coefficients between baseline and end-of-treatment values within each trial using a published formula. 21 A correlation of 0.72 was calculated for the analysis of LDL cholesterol; a correlation coefficient of 0.5 was assumed for non-HDL cholesterol owing to a lack of data, with sensitivity analyses done at 0.25 and 0.75. When trials did not report change-from-baseline differences within or between treatments, or end-differences between treatments, we imputed these values from the available data using standard formulas. 14 When required, we tried to obtain additional information from the authors of the studies. A 2-sided p value of less than 0.05 was set as the level of significance.
When the non-HDL cholesterol level was not reported in a trial, we calculated it from aggregate data by subtracting HDL cholesterol from total cholesterol values.
We used the Cochran Q statistic to assess, and the I 2 statistic to quantify inter-study heterogeneity (threshold p < 0.10). An I 2 value of 50% or higher was considered to be evidence of substantial heterogeneity and a value of 75% or higher, considerable heterogeneity. We explored sources of heterogeneity using a priori subgroup analyses according to baseline cholesterol values, dose of Research dietary pulse, type of dietary pulse, duration of follow-up, difference in fibre content and saturated fat between the intervention and control diets, study design (crossover or parallel) and methodologic quality score. We also conducted post-hoc subgroup analyses by sex and baseline triglyceride levels to explore sources of interstudy heterogeneity further. To determine whether any single trial exerted an undue influence on the overall results, we conducted sensitivity analyses in which each study was removed and the effect size recalculated.
We assessed publication bias by visually inspecting funnel plots and formally testing their asymmetry using the Begg rank correlation test and the Egger linear regression test. We also used the trim-and-fill method to test for undue influence of small-study effects on the effect size of our primary analysis.
Results
Search results and study characteristics Our search identified 3080 reports, of which 22 (26 RCTs) were selected for our meta-analysis ( Figure 1 ). 6−8,17,20,22−33,34,35,36−38 The characteristics of the 26 trials (n = 1037) are summarized in Table 1 (the full table of 30, 34, 35 Dietary pulse intake was not the sole intervention but was the dominant intervention used to achieve the study goals in 3 trials. 32, 34, 35 Beans were the most common type of dietary pulse used in the intervention diets (14 trials); peas were used in 2 trials, chickpeas in 2 trials, lentils in 1 trial and mixed pulses in 8 trials. Dietary pulses were administered as flour in 3 trials, as whole foods in 18 trials and in a mixed format (flour and whole foods) in 3 trials; the median dose was 130 (range 50-377) g/d. The background diet consisted of 39%-65% energy from carbohydrates, 10%-35% from protein and 20%-41% from fat. The median fibre intake was 20 (range 13-47) g/d in the control diets and 26 (range 17-53 g/d) in the intervention diets; the median saturated fat intake was 11% energy (range 5%-15%) in the control diets and 11% energy (range 5%-15%) in the intervention diets.
The method of increasing dietary pulse intake while maintaining caloric balance between the study arms differed across protocols: 15 trials replaced non-dietary pulse carbohydrates (e.g., bread products, canned spaghetti, oat bran), 5 trials replaced animal protein, 3 trials emphasized dietary pulse intake to achieve a low-glycemic diet, and 3 did not specify the method. Three trials were weight-loss interventions designed to reduce total caloric intake by 30%-35%. The diets were metabolically controlled (all foods were provided) in 5 trials, partially controlled (only test foods were provided) in 17 trials and . †Partial = test food or some meals were provided. ‡Based on cooked weight; dry weight was converted to wet weight by multiplying 2.75. §Mixed = more than 1 type of dietary pulse studied. ¶The form was either whole (intact pulses were consumed) or as our (pulses were ground to a powder form and incorporated into baked foods). **Analysis included data for 80 patients. † †This study had a crossover design with 1 control arm and 2 treatment arms (beans and peas). To mitigate unit-of-analysis error, we combined the 2 treatment arms to create a single pairwise comparison, which we conservatively analyzed as a parallel trial for the overall analysis.
not metabolically controlled (dietary advice was offered) in 4 trials. Thirteen of the trials had a crossover design. Twenty-two trials were conducted in an outpatient setting, 2 in an inpatient setting and 2 in a combination of settings. The median followup period was 6 (range 3-52) weeks. Funding of the trials was from publicly funded agencies alone (13 trials), a combination of agency and industry sources (7 trials), and industry alone (4 trials); the source of funding was not clearly stated in 2 trials.
According to the total methodologic quality scores, 7 of the 22 reports were of high quality (Appendix 3, available at www.cmaj.ca /lookup /suppl /doi:10.1503/cmaj.131727/-/DC1). The results of the risk-of-bias assessment are shown in Table 2 and Appendix 4 (available at www .cmaj .ca /lookup/suppl/doi:10.1503/cmaj.131727/-/DC1).
Gastrointestinal symptoms
Eleven trials provided data on gastrointestinal symptoms reported by the participants. Upset stomach was reported in 4 of the 11 trials, flatulence in 7, bloating in 6, diarrhea and constipation in 1 trial each and increased stool frequency in 3 trials. Most of the studies reported that symptoms improved over the course of the dietary pulse intervention. Only 2 trials had one or two participants reporting gastrointestinal symptoms as a reason for withdrawal from the study.
26,29
Effect on lipid targets Twenty-one reports (25 trials) provided data on the effect of dietary pulse intake on LDL cholesterol (Figure 2 ). Intervention diets significantly reduced LDL cholesterol compared with control diets (mean difference −0.17 mmol/L, 95% CI −0.25 to −0.09 mmol/L); however, inter-study heterogeneity 19 was used to assess the risk of bias for each study. High risk = methodologic aw in study design was likely to have affected the true outcome, low risk = the effect of the study's methodologic aw was deemed inconsequential to the true outcome, unclear risk = insuf cient information was given to assess risk.
†Assessed the randomization method and whether it would produce comparable groups. ‡Assessed whether investigators could tell to which treatment participants were going to be randomly allocated. §Assessed whether investigators and/or participants were aware of group allocation. ¶Assessed whether missing outcome data, including loss to follow-up and exclusion from analysis, may have affected the true outcome. **Assessed whether investigators pre-registered the trial or speci ed primary and secondary outcomes, or both. † †The results of this trial may have been in uenced by another potential source of bias: participants in the dietary pulse arm were given both food and dietary advice throughout the study, whereas participants in the control arm were simply told to keep following their usual dietary habits.
was high (I 2 = 80%). The sensitivity analysis did not identify any of the studies as exerting undue influence on the overall results. None of the findings from the a priori subgroup analyses could explain the source of the inter-study heterogeneity. The post-hoc subgroup analysis by sex, however, showed that studies with more men tended to show a greater reduction in LDL cholesterol than those with more women, with a corresponding reduction in the I 2 value from 80% in our primary analysis to 53%. The post-hoc subgroup analysis by baseline triglyceride levels did not show a significant effect. (The findings from the subgroup analyses are shown in Appendices 5, 6 and 7, available at www .cmaj.ca/lookup/suppl/doi:10.1503/cmaj.131727/-/DC1).
In the one trial that investigated the effect of dietary pulse intake on apolipoprotein B, 26 there was no significant difference in effect between the intervention and control diets (mean difference 0.02 g/L, 95% CI −0.04 to 0.08 g/L).
The effect of dietary pulse intake on non-HDL cholesterol was investigated in 20 reports (22 trials), and the results are shown in Figure 3 . The effect between the intervention and the control diets did not differ significantly (mean difference −0.09 mmol/L, 95% CI −0.19 to 0.00 mmol/L); however, inter-study heterogeneity was very high (I 2 = 98%). Sensitivity analyses showed that the pooled effect size became significant when any of the 6 trials that favoured the effect of the control diet 6, 8, 22, 23, 26, 38 was re - moved. The use of a correlation coefficient of 0.25 did not alter conclusions, but a correlation coefficient of 0.75 resulted in a significant reduction in non-HDL cholesterol favouring the dietary pulse intervention.
In the a priori subgroup analyses, higher fibre intake in the intervention arm than in the control arm showed a significantly greater reduction in non-HDL cholesterol. The post-hoc subgroup analyses by sex and baseline triglyceride levels did not show significant effects. (Results of these subgroup analyses are shown in Appendices 7, 8 and 9, available at www.cmaj.ca/lookup/suppl /doi:10.1503/cmaj.131727/-/DC1).
Publication bias
Inspection of funnel plots for evidence of publication bias and the Egger test result re vealed asymmetry favouring small studies with LDL cholesterol-reducing effects (Appendix 10A, available at www.cmaj.ca/lookup/suppl/doi :10.1503/cmaj.131727/-/DC1). Both the Begg test and the trim-and-fill method, however, showed no significant evidence of undue small-study effects on the pooled LDL cholesterol estimate. None of the other outcomes showed significant evidence of publication bias (Appendix 10B).
Interpretation
Our meta-analysis included data from 26 RCTs of the effect of dietary pulses (beans, chickpeas, lentils and peas) on established therapeutic lipid targets for cardiovascular risk reduction in 1037 predominantly middle-age, normolipidemic or hyperlipidemic adults at moderate risk of coronary artery disease. The pooled analyses sug- Anderson et al. 22 Cobiac et al. 24 Duane et al. 7 Gravel et al. 26 Hermsdorff et al. 8 Jenkins et al. 35 Marinangeli et al. 38 Pittaway et al. 28 Pittaway et al. 29 Shams et al. 30 Winham et al. 31 Winham et al. 20 (COM)
Overall
Belski et al. 23 Hodgson et al. 33 Abete et al. 6 Abeysekara et al. 36 Anderson et al. 17 (I)
Jimenez-Cruz et al. 34 Mackay et al. 27 Gormley et al. 37 Control diet, n Intervention diet, n low-up of 6 weeks. We found no significant effect of dietary pulse intake on apolipoprotein B and non-HDL cholesterol. Most of the studies reported that gastrointestinal symptoms improved over the course of the dietary intervention. We analyzed the effect of dietary pulse intake on all established lipid risk factors for coronary artery disease, including LDL cholesterol, apolipoprotein B and non-HDL cholesterol. The observed reduction in LDL cholesterol is consistent with that reported in 2 previous meta-analyses; 39, 40 however, we limited our analysis to RCTs with at least 3 weeks of follow-up, in conformity with US Food and Drug Administration guidelines. 16 We found significant inter-study heterogeneity in our pooled analysis of the effect of dietary pulse intake on LDL cholesterol. Although none of our a priori subgroup analyses could explain the source of the heterogeneity, our post-hoc subgroup analysis by sex showed that there was a greater reduction in LDL cholesterol in studies with more men. Men may respond more favourably because they tend to have higher levels of LDL cholesterol than pre-and postmenopausal women of similar age taking hormone replacement therapy, and they tend to have poorer dietary habits and thus better responses to healthier diets. Although sex was found to have a significant modification of effect on LDL cholesterol, the level of inter-study heterogeneity was still substantial; future analyses are needed to explore other sources of heterogeneity.
Despite the high level of inter-study heterogeneity, the effect of dietary pulses on LDL cholesterol should not be underestimated. A previous meta-analysis of 19 trials involving more than 18 000 participants showed that trials of statins and those of non-statins including dietary interventions had a similar 1-to-1 association between LDL cholesterol and cardiovascular mortality. 41 That is, a 1% reduction in LDL cholesterol translated to a 1% reduction in cardiovascular mortality. Therefore, the reduction of 5% observed in our meta-analysis suggests a potential risk reduction of 5%-6% in major vascular events. 42 This is important especially for patients with hyper cholesterolemia who prefer dietary approaches to managing their cholesterol levels or for those who cannot tolerate statin therapies. Finally, the mean differences in LDL cholesterol between the intervention and control diets in most of the trials (23 of 25) fell within the 95% CI of the pooled estimate, which suggests robustness in our data and increasing confidence in our conclusions.
Our findings regarding non-HDL cholesterol were complicated by a very high level of heterogeneity. The a priori subgroup analysis found a significant reduction in non-HDL cholesterol when the intervention arm had greater fibre intake than the control arm. Diets high in fibre have been shown to reduce non-HDL cholesterol 43 and have been inversely associated with cardiovascular disease risk. 44 However, a substantial amount of heterogeneity remained unexplained. In the sensitivity analysis, recalculation of the effect size after the removal of any of the 6 trials that favoured the effect of the control diet showed a significant reduction in non-HDL cholesterol. However, there were no unique characteristics common among these trials that would lead us to believe that there was bias in these analyses.
Limitations
Our study has limitations. First, most of the trials were of low methodologic quality, were shorter than 3 months and did not report enough data to judge risk of bias. In addition, only one trial each reported apolipoprotein B and non-HDL cholesterol values for participants.
Second, publication bias was a possibility. Although we observed plot asymmetry and a significant Egger test result favouring smallstudy effects on LDL cholesterol, the Begg test did not show similar findings, and the trim-and-fill method did not show significant evidence of undue small-study effects on our estimate. Four RCTs involving a total of 307 participants at low and high risk of cardiovascular disease with a followup of 6-12 weeks are underway (ClinicalTrial .gov registration nos. NCT01562171, NCT01661543, NCT00800033 and NCT01114399). Their findings will contribute to the evidence on the effect of dietary pulse intake on lipid risk factors for cardiovascular disease. They may also address some of our concerns about publication bias.
Conclusion
Our findings have implications for cardiovascular health. Dietary pulse intake resulted in a modest reduction in LDL cholesterol of 0.17 mmol/L (equivalent to a reduction of about 5% from baseline). The median dietary pulse intake was 130 g/d (about 1 serving daily), which may prove challenging in some Western countries given that the current median intake level in the United States is 0.2 servings daily, 45 and in Canada only 13% consume dietary pulses on a given day, with a median intake of only about 0.5 servings daily among those who do consume them. 46 However, this intake level is reasonable and is currently consumed by many cultures without reports of adverse effects that would limit consumption. Because most of the trials in our meta-analysis were conducted on a background of heart-healthy diets (e.g., more than 20-25 g/d of fibre and less Research than 10% energy from saturated fat), the 5% reduction in LDL cholesterol observed with the dietary pulse diets can be considered in addition to the 5%-10% reduction in LDL cholesterol expected from the heart-healthy diets alone. 47 However, because most of the trials were of low methodologic quality and short duration, and because our analyses of apolipoprotein B and non-HDL cholesterol were limited in the number of studies reporting these values, longer, betterdesigned trials are needed, particularly ones that will assess apolipoprotein B and non-HDL cholesterol. Because dietary pulse intake may have beneficial effects on other cardiometabolic risk factors, including body weight, blood pressure and glucose control, 48 future systematic reviews and meta-analyses should evaluate the effects of such dietary interventions on these outcomes and others, to address factors that contribute to residual cardiovascular disease risk.
